Abstract Monosodium glutamate (MSG) is a popular flavour enhancer used in food industries; however, excess MSG is neurotoxic. Oxidative stress is well documented in MSG induced neurotoxicity. The compounds having antioxidant and anti-inflammatory properties reportedly possess beneficial effects against various neurotoxic insults. Calendula officinalis Linn. flower extract (COE) is known for its potent antioxidant and anti-inflammatory activities. Hence, this present study has been designed to evaluate the neuroprotective effect of COE on MSG-induced neurotoxicity in rats. Adult Wistar rats were administered systemically for 7 days with MSG and after one h of MSG injection, rats were treated with COE (100 and 200 mg/kg) orally. At the end the treatment period, animals were assessed for locomotor activity and were sacrificed; brains were isolated for estimation of LPO, GSH, CAT, TT, GST, Nitrite and histopathological studies. MSG caused a significant alteration in animal behavior, oxidative defense (raised levels of LPO, nitrite concentration, depletion of antioxidant levels) and hippocampal neuronal histology. Treatment with COE significantly attenuated behavioral alterations, oxidative stress, and hippocampal damage in MSG-treated animals. Hence, this study demonstrates that COE protects against MSG-induced neurotoxicity in rats. The antioxidant and anti-inflammatory properties of COE may be responsible for its observed neuroprotective action.
Introduction
Sodium salt of glutamate (MSG) is one of the popular flavour enhancer used by various food industries [1] . MSG has been reported to produce symptoms such as numbness, weakness, flushing, sweating, dizziness, headache and showed increased oxidative stress in brain [2, 3] . Use of MSG as a flavour has been questioned due to its toxic effects, as manifested by the Chinese restaurant syndrome [2] , but in many countries there are no limitations on the amount of MSG that can be added to food. Hence, people ingest large doses of MSG [4] that increases the glutamate concentration in blood.
Glutamate is the most abundant excitatory neurotransmitter in the brain. Excessive amounts of glutamate may act as a potent neurotoxin through increasing the excitability and by activating the proteolytic enzymes [5] . Earlier animal studies have reported that the administration of MSG causes damage to hypothalamic neurons of brain [6] . In addition, MSG causes alteration in mitochondrial lipid peroxidation (LPO) and antioxidant status in different regions of the brain, namely the cerebral hemispheres, cerebellum, brain stem and diencephalon [2] . Hence, intraperitoneal injections of MSG in rodents provide a successful model to screen the drugs on brain oxidative stress and excitotoxicity induced neuronal damage.
Historically, herbs have always played a significant role in treating illness or preventing disease. Over the past several decades, scientific literature and popular media articles on adverse drug effects have increased the interest in natural products by the general public [7] . Many plant extracts, formulations and phytoconstituents with antioxidant and anti inflammatory properties have been reported to protect the neurons in different animal models [3, 8] . Our lab has been screening a number of plant species and phytoconstituents in this line [9, 10] .
Calendula officinalis Linn. (Asteraceae) commonly known as marigold is a herb of ancient medicinal repute in traditional and homeopathic medicine [11] . It is used as a component in various foods like chowders, soups, stews, roast meats, chickens and sea foods. Fresh flowers of C. officinalis are chopped into salad, and dried petals are used in tea and as flavor in cakes, cookies and puddings, and to colour the butters and cheeses [11, 12] . C. officinalis reportedly possesses antibacterial, antifungal, antiviral, antimutagenic, hepatoprotective, renoprotective, free radical scavenger, anti-inflammatory and central nervous system properties [13] [14] [15] . However, there is no literature found on marigold as neuroprotective, hence, the present study has been undertaken with the aim to determine the neuroprotective activity of marigold flower extract against oxidative stress and excitotoxicity induced neuronal damage in rats.
Materials and Methods

Chemicals
1-Chloro-2,4-dinitrobenzene (CDNB) was obtained from Sigma Aldrich, St. Louis, USA. MSG, reduced glutathione (GSH), 5,5 0 -dithiobis-2-nitrobenzoic acid, thiobarbituric acid and trichloroacetic acid were purchased from HiMedia Laboratories Pvt. Ltd, Mumbai, India. All the other chemicals used were of analytical grade.
Plant Material and Extraction
The fresh flowers of C. officinalis L., were collected from herbal garden of University of Agricultural Sciences, Dharwad, Karnataka, India. The plant was identified and authenticated by Prof. K. Siddappa, Department of Botany, Sree Siddaganga College of Arts, Science and Commerce, Tumkur, Karnataka, India and a voucher specimen of the same was kept in the college herbarium.
The shade-dried flowers were extracted exhaustively with 70 % methanol by cold maceration process for 14 days. The obtained extract was concentrated to get a thick brown semisolid paste (yield 18.66 %).
Animals and Experimental Design
Adult female Wistar rats (190-220 g) bred in animal house of Sree Siddaganga College of Pharmacy, Tumkur, Karnataka, India were used. The animals were housed under standard laboratory conditions, maintained on a 12 h light:12 h dark cycle and had a free access to food and water. The experimental protocols were approved by the Institutional Animal Ethics Committee (SSCPT/IAEC/73/ 2009-2010) and conducted according to CPCSEA guidelines, Government of India.
Accurately weighed quantity of hydro-alcoholic (70 % methanol) extract of C. officinalis (COE) was suspended in distilled water using 1 % Tween 80 v/v and was administered orally to experimental animals. MSG was freshly prepared in saline (adjusted to pH 7.4) and administered by intra-peritoneal route to rats for a period of seven days to induce neurotoxicity.
Every day, COE was administered one h post MSG injection. The dose of MSG and COE were selected based on previous literatures [3, 11] . During the treatment period, rats were observed for behavioral changes for 50 min daily. On the 8th day after locomotor activity assessment, rats were sacrificed; brains were removed for estimation of LPO, GSH, CAT, TT, GST, nitrite and histopathological studies.
Locomotor Activity
The locomotor activity was recorded by using actophotometer (INCO Pvt. Ltd., Ambala, India). Before locomotor task, animals were placed individually in the activity meter for 2 min for habituation. Thereafter, locomotor activity was recorded using actophotometer for a period of 5 min [16] .
Biochemical Estimations
Preparation of Tissue Homogenates The animals were sacrificed under deep ether anesthesia and perfused transcardially with ice-cold saline. The whole brain dissected out, blotted dry and immediately weighed. A 10 % brain homogenate was prepared with ice-cold phosphate buffered saline using Teflon-glass homogenizer. The homogenate was centrifuged at 10,000 rpm at 4°C for 15 min and the pellet discarded. The supernatant obtained was used for biochemical estimations.
Total Protein The protein content of the brain homogenate was determined by the method of Lowry et al. [17] using bovine serum albumin as standard.
Lipid Peroxidation (LPO) The extent of LPO was determined by measuring the amount of malanodialdehyde (MDA) formed. 0.1 mL homogenate was taken and to this 1 mL of TBA reagent containing equal proportions of 0.375 % TBA, 15 % TCA and 0.25 N HCl was added and placed in a boiling water bath for 30 min. Then the mixture was placed in crushed ice for 10 min followed by centrifugation at 6,000 rpm for 5 min. The absorbance of the clear pink colour supernatant was measured at 532 nm against appropriate blank. The results were expressed as nmol MDA/mg protein [18] .
Reduced Glutathione (GSH) GSH was measured according to the method of Ellman [19] . Briefly, 0.5 mL of homogenate was mixed with 0.1 mL of 25 % TCA to precipitate proteins and centrifuged at 4,000 rpm for 5 min. Then 0.3 mL of the supernatant was mixed with 0.5 mL of 0.1 M phosphate buffer (pH 7.4) and 0.2 mL of 10 mM DTNB. This mixture was incubated for 10 min and the absorbance was measured at 412 nm against appropriate blank. The values were expressed as nmol/mg protein.
Total Thiols (TT) Briefly, 0.2 mL of brain tissue supernatant was mixed with 0.36 mL of 0.1 M phosphate buffer (pH 7.4), 40 lL of 10 mM DTNB and 1.4 mL of methanol. This mixture was incubated for 10 min and the absorbance was measured at 412 nm against appropriate blank and the values are expressed as nmol/mg protein [20] .
Glutathione-S-Transferase (GST) The GST activity was measured as described by Habig et al. [21] . Briefly, 0.85 mL of phosphate buffer (pH 7.4), 50 lL homogenate and 50 lL of 1 mM CDNB were mixed in a cuvette, to which 50 lL of 10 mM GSH was added to initiate the reaction. The rate of formation of GSH-CDNB complex was monitored for 5 min at 340 nm. The results were expressed as nmol of CDNB conjugate formed/min/mg protein.
Catalase (CAT) Briefly, to 0.95 mL of 10 mM H 2 O 2 in 60 mM phosphate buffer (pH 7.0), 50 lL of the brain tissue supernatant was added and the rate of degradation of H 2 O 2 was monitored at 240 nm for 60 sec and expressed as units/mg protein [22] .
Nitrite The accumulation of nitrite in the supernatant, an indicator of the production of nitric oxide (NO), was estimated by using the principle of Griess reaction [23] . Briefly, equal volumes of tissue homogenate and Griess reagent (5 % phosphoric acid containing 0.1 % NEDD (N,N-(1-naphythyl) ethylene-diamine dihydrochloride), 1 % sulfanilamide) were mixed and incubated in dark for 10 min at room temperature. Then the absorbance of the reaction mixture was determined at 540 nm. The concentration of nitrite in the supernatant was determined from a sodium nitrite (NaNO 2 ) standard curve. The amount of nitrite was expressed as nmol/g tissue.
Statistical Evaluation
The data were expressed as mean ± SEM and statistical comparisons were performed by one-way ANOVA followed by Turkey's post-test using Graph Pad Prism version 5.0, USA.
Histopathological Studies
A section of the brain was fixed with 10 % formalin and embedded in paraffin wax and cut into sections of 5-lm thickness. The sections were stained with hematoxylin and eosin dye and hippocampal neurons were observed for morphological changes.
Results
Locomotor Activity
Administration of MSG for 7 days resulted in significant (p \ 0.001) decrease in movement of animals (measured as counts/5 min) when compared to normal control animals. The locomotor count in MSG alone treated animals showed 66.00 ± 9.13, which was 55.94 % less when compared to normal control animals (149.80 ± 8.00). Treatment with COE (100 and 200 mg/kg) to MSG treated rats increased the locomotor counts (81.67 ± 10.48 and 138.80 ± 19.62 respectively) when compared to MSG alone treated rats. Treatment with COE 200 mg/kg to MSG treated animals showed significantly (p \ 0.01) improved locomotor activity when compared with MSG alone treated animals ( Fig. 1) .
Biochemical Estimations
Lipid Peroxidation
The LPO levels (measured as nmol of MDA/mg protein) were found to be significantly (p \ 0.001) higher in MSG treated rats (3.96 ± 0.31) when compared with normal control animals (1.98 ± 0.98). Treatment with COE (100 and 200 mg/kg) significantly (p \ 0.01 and p \ 0.05 respectively) attenuated the increased LPO level in MSG treated rats when compared with MSG alone treated animals. LPO level in COE 100 and 200 mg/kg treated rats were found to be 2.51 ± 0.32 and 2.87 ± 0.22 respectively (Table 1) .
Glutathione
There was a significant (p \ 0.001) depletion in GSH levels (measured as nmol/mg protein) found in MSG alone treated rats (0.48 ± 0.08) when compared with normal control animals (3.85 ± 0.85). Treatment with COE 100 mg/kg significantly (p \ 0.05) protected the animals against MSG induced GSH depletion. GSH levels in COE 100 and 200 mg/kg treated rats were found to be 2.71 ± 0.14 and 1.78 ± 0.07 respectively ( Table 1) .
Total Thiols
Administration of MSG alone significantly (p \ 0.01) reduced the TT level when compared with normal rats (measured as nmol/mg protein). MSG alone treated rats showed 40.97 % reduced level of TT (16.77 ± 1.85) than normal animals (28.41 ± 1.77). Treatment with COE (100 and 200 mg/kg) increased the level of TT content to 17.16 ± 2.11 and 25.34 ± 1.84 respectively. The content of TT in COE higher dose treated rats was statistically significant (p \ 0.05) when compared with MSG alone treated animals (Table 1) .
Glutathione-S-Transferase
GST activity (measured as nmol CDNB conjugate formed/ min/mg protein) was significantly (p \ 0.001) reduced in the MSG treated rats (9.12 ± 0.51) when compared with normal control animals (26.03 ± 2.27). A significant rise (p \ 0.05 and p \ 0.01) in the enzyme activity was found in the COE 100 and 200 mg/kg treated rats (19.20 ± 1.97 and 20.58 ± 1.58 respectively) when compared with MSG control animals ( Table 1) .
Catalase
A significant (p \ 0.05) depletion in catalase activity (around 49 %) was observed in the MSG treated animals (8.01 ± 0.43) when compared with normal rats (15.71 ± 0.76). Both the tested doses of COE significantly (p \ 0.01 and 0.05 respectively) restored the catalase activity. The catalase activity in COE 100 and 200 mg/kg treated rats were found to be 16.81 ± 2.78 and 15.14 ± 1.87 respectively ( Table 1) .
Tissue Nitrite Content
Nitrite content (measured as nmol/g tissue) in the tissue was significantly (p \ 0.001) elevated in MSG alone treated rats (35.25 ± 1.86) when compared with normal control rats (25.71 ± 1.08). Treatment with COE (100 and 200 mg/kg) showed a significant (p \ 0.01 and p \ 0.05) reduction in nitrite content and the values were found to be 28.17 ± 1.15 and 28.69 ± 0.91 respectively (Table 1) .
Histopathological Observations
Sections studied from the hippocampus of normal control rats showed intact layers of CA1, CA2, CA3 and CA4 regions with intermingled neuropil fibers and irregular shaped processes of astroglial cells. On the other hand, MSG alone treated rat brain sections showed decreased CA1 layer, darkly stained shrunken cells and mildly separated interconnected neuropil fibers. The brain sections from COE 100 mg/kg treated animals showed normal CA1 layer, astroglial cells and the interconnected neuropil fibers. In the COE 200 mg/kg treated animals, normal CA1 layer, astroglial cells, markedly reduced population of shrunken cells and unremarkable interconnected neuropil fibers were observed. However, the hippocampal histology of COE alone treated rats was found to be normal (Fig. 2) .
Discussion
Glutamate induced cell death is associated with both apoptotic and necrotic changes, where excitotoxic and oxidative pathways are the two distinct pathways through which glutamate induces neuronal death. Excitotoxicity involves the over activation of glutamate receptors that leads to rapid and slow triggered cytotoxic events [2] . Over activation of NMDA and AMPA receptors by glutamate leads to release of Ca ?? from the intracellular stores, which causes over activation of mitochondria and enzymes like phospholipase and protein kinases leading to the degradation of proteins and membranes, thus impairing cellular survival [5] . Glutamate has also been reported to disrupt the glutathione-cystine antiporter system and thereby causing a drop in the glutathione levels allowing the generation of neurotoxic reactive oxygen species (ROS) [2] .
Several studies have reported that MSG could cause severe behavioral abnormalities such as increased irritability, hypoactivity, and deficits in spontaneous alternation behavior [24] . In agreement with the above reports, the animals administered with MSG showed aggressive behavior on the initial days of the treatment followed by calmness and hypoactivity. COE at both the tested doses normalized the general behavior and increased the locomotor activity as compared to MSG control rats indicating the protective action of COE against MSG induced neurotoxicity. Furthermore, MSG treatment for 1 week depleted the GSH, GST, TT, and catalase activity and increased the MDA and nitrite levels in the brain tissues indicating the increased oxidative and nitrative stress in these animals.
Oxidative stress is a characteristic feature in a number of neurodegenerative disorders [25] . The brain is particularly vulnerable to oxidative stress injury because of its high rate of oxidative metabolic activity, high content of polyunsaturated fatty acids, relatively low antioxidant capacity, and the abundance of redox-active transition metal ions and nonreplicating nature of its neuronal cells [26] . In order to scavenge ROS, different defense systems exist in the brain, such as enzymatic (superoxide dismutase, glutathione peroxidase and catalase), non enzymatic (glutathione and uric acid) and dietary antioxidants. If ROS are not effectively eliminated, they can cause peroxidation of cell membrane phospholipids, proteins and DNA [27] . Hence, antioxidants are the first line of defense against free radical damage and are critical for maintaining health. Due to this, antioxidant supplements and antioxidants containing diet are now being recognized as an important means of improving free radical protection [28] .
In the present study, treatment with both the tested doses of COE significantly attenuated the glutamate induced excitation and oxidative stress in rat. Administration of COE to the MSG treated animals showed significantly increased levels of GSH, CAT, TT, GST and decreased levels of LPO and nitrite when compared with MSG alone treated rats, these findings are in accord to the earlier reports demonstrating antioxidant property of COE [14] . Hence, these results indicate use of C. officinalis flower containing foods may protect the body from free radical injury.
Certain regions of brain are highly enriched in non-heme iron, which is catalytically involved in the production of ROS [29] and thus increasing the risk of neurodegenerative diseases. Reports suggest that the regions like cortex and hippocampus are more susceptible to oxidative damage when compared with cerebellum [30] . The present study also evidenced loss of neuronal structure, necrosis in hippocampal region of MSG alone treated rats, and this observation well supports the above findings. Both the tested doses of COE reversed the histopathological changes produced by MSG administration confirming the protective effect of COE against MSG induced excitotoxic neuronal damage in hippocampus.
The anti-inflammatory effect of COE was reported by Korengath et al. [15] . Several anti-inflammatory compounds are known to protect against hippocampal neuronal loss in different animal models [31] . Owing to the fact that COE has anti-inflammatory action, this mode of action may be drawn for the observed neuroprotective effect of the extract.
The flowers of C. officinalis L. contain flavonoids like quercetin, isorhamnetin, isoquercetin, calendoflaside, calendoflavoside, calendoflavobioside, rutin. The flowers are also rich in carotenoids like a-carotene, b-carotene and quinones like plastoquinone, phylloquinone, and atocopherol [32] . Flavonoids, carotenoids and quinones are well documented for its beneficial effect in protecting the organs against various toxic insults. Presence of such active compounds might be responsible for the neuroprotective activity by the C. officinalis.
Conclusion
Conclusively, the present study demonstrates that hydro alcoholic extract of C. officinalis flowers possess neuroprotective effect against MSG induced brain damage in rats. The protective effect of COE might be attributed to its antioxidant and anti-inflammatory properties. However, further research is required to unravel the specific mode of action.
